To evaluate the efficacy of radiation in patients treated with neoadjuvant chemotherapy and mastectomy.
INTRODUCTION
Treatment recommendations for radiation therapy in the setting of neoadjuvant chemotherapy and mastectomy are under considerable debate. A consensus was not established in the current guidelines of the American Society of Clinical Oncology regarding postmastectomy radiation because there were not enough data concerning the efficacy of radiation in this setting to adequately provide answers. 1 In fact, currently there are no large retrospective or prospective studies addressing this issue. This question has become increasingly important because the use of neoadjuvant chemotherapy is rapidly becoming standard treatment for many subsets of patients with breast cancer. 2 The value of postmastectomy radiation in conjunction with adjuvant chemotherapy has been established by three randomized trials and two recent meta-analyses. [3] [4] [5] [6] [7] These data have shown that, for properly selected populations, radiation can improve local-regional control rates by approximately 20% and survival rates by 10%. In general, the selection of patients for postmastectomy radiation is made on the basis of the pathological information concerning the extent of local-regional disease. For patients treated with surgery before chemotherapy, postmastectomy radiation is indicated for those with four or more positive axillary nodes and for those with clinical stage III disease or T3 tumors. 1, 8 The role of postmastectomy radiation after neoadjuvant chemotherapy, however, remains unclear. Most patients treated with neoadjuvant chemotherapy have significant treatment-related changes in the pathological extent of disease. For patients who receive this treatment sequencing, additional data are needed to determine which subsets of patients can benefit from radiation.
To address these questions, we recently reported our institutional experience on 150 patients treated with neoadjuvant chemotherapy and mastectomy without radiation therapy and identified factors predictive of local-regional recurrence (LRR). 9 To build on those findings, in this report, we retrospectively compared the outcomes of 542 patients who received radiation after neoadjuvant chemotherapy and mastectomy versus the outcomes of the patients from the previously published cohort who were treated on the same prospective clinical trials. Our purpose was to evaluate the efficacy of postmastectomy radiation in terms of local-regional control and survival in the setting of neoadjuvant chemotherapy and determine which subsets of these patients benefited from radiation treatment.
PATIENTS AND METHODS

Patient Population
We retrospectively analyzed the data from six consecutive prospective clinical trials conducted at The University of Texas M.D. Anderson Cancer Center (Houston, TX) that investigated the role of doxorubicin-based neoadjuvant chemotherapy for patients with nonmetastatic, noninflammatory breast cancer. The institutional review board approved each protocol, and participating patients gave written informed consent. The review board also approved this retrospective analysis.
From 1974 to 2000, 744 of the patients enrolled in these trials were treated with neoadjuvant chemotherapy and mastectomy. We compared the data from the 557 of these patients who received postmastectomy radiation treatment (37 received preoperative radiation because of refractory disease) to the data from the 150 patients who did not receive radiation. The initial outcomes of the cohort who did not receive radiation were previously reported, 9 but these data were updated for the purpose of the current study. Some patients did not receive radiation because of disease progression. To minimize this potential bias between comparative groups, all patients with disease recurrence within 2 months after mastectomy or completion of adjuvant chemotherapy were excluded: 15 (3%) in the irradiated group and 16 (11%) in the nonirradiated group. The remaining 676 patients formed the study population for this review.
All patients were prospectively clinically staged according to the 1988 American Joint Committee on Cancer Staging and End Results Reporting guidelines. Only patients without systemic metastases were eligible for these trials. The patients designated as having stage IV disease represent patients with ipsilateral supraclavicular lymph node involvement without systemic metastases. Table 1 presents the neoadjuvant chemotherapy regimens that the patients received. All patients received doxorubicin as part of a combination chemotherapy regimen, with 15% also receiving 2 docetaxel given as IV boluses. We limited our study to the patients in these trials who were treated with mastectomy. The median number of recovered axillary lymph nodes after mastectomy was 15. For the 542 patients treated with postmastectomy radiation, treatment volumes typically included the chest wall and draining lymphatics (median dose, 50 Gy), followed by a chest wall boost (median dose, 10 Gy). Radiation treatment was delivered at an outside institution for 94 patients.
Treatment Details
Radiation treatment was not a randomized variable in the trials studied. The decisions to undergo radiation and/or mastectomy (rather than breast-conserving surgery) were determined by the patient and her physicians, and thus are subject to selection biases.
After neoadjuvant chemotherapy and mastectomy, 640 patients (95%) received adjuvant chemotherapy. These regimens changed over the period of time of the clinical trials and initially began with FAC (similar to the preoperative regimen). The historical strategy was to use cyclophosphamide, methotrexate, fluorouracil (CMF). Thereafter, either vinblastine and methotrexate, or vinblastine, methotrexate, fluorouracil was used. Finally, the most recent approach adopted for this cohort investigated the use of taxanes. Additionally, 233 patients (34%) also received adjuvant tamoxifen.
Statistical Analysis
The distributions of clinical and pathological factors between the two groups of patients were compared using the 2 test for dichotomized variables and the Mann-Whitney test for continuous variables. LRR was defined as disease recurrence on the ipsilateral chest wall or in the ipsilateral axillary, supraclavicular, infraclavicular, or internal mammary lymph nodes. Any other site of recurrence was considered distant metastasis. All LRR were considered as events, irrespective of their timing relative to distant metastases. The 5-and 10-year actuarial rates of LRR, isolated LRR (the first site of failure), overall survival (OS), and cause-specific survival (CSS) were calculated according to the Kaplan-Meier method, and comparisons between the two patient groups were made using the log-rank test. 13 Multivariate analysis was performed using the Cox proportional hazards model. 13 This model tested only those factors that were found to be significant on univariate analysis. All survival statistics were measured from the date of diagnosis. All P values were two-sided, and P values Յ .05 were considered significant.
RESULTS
Patient Characteristics
The median follow-up times of all irradiated and nonirradiated patients were 73 and 66 months, respectively (median time for all patients was 69 months). Table 2 presents the comparisons of clinical, pathological, and treatment characteristics between these two cohorts. When compared with patients who did not receive radiation, a greater percentage of irradiated patients had more advanced clinical T-stage, clinical N-stage, combined clinical stage (1988 AJCC), poorer clinical response to neoadjuvant chemotherapy, higher numbers of pathologically positive nodes, and close or positive surgical margins (P Յ .01 for all comparisons). There were no differences between the two groups with respect to age, use of tamoxifen, use of adjuvant chemotherapy, pathological tumor size, number of dissected axillary nodes, or percentage of estrogen receptornegative tumors.
LRR Rates According to Use of Radiation and Disease Extent
Despite the imbalance in prognostic features between the two groups, the 10-year actuarial rate of LRR was higher in the patients not treated with postmastectomy radiation (22% v 11%, P ϭ .0001; Fig 1) . The 10-year rate of isolated LRR (the first site of failure) was also significantly reduced with radiation (20% v 8%, P ϭ .0002). Table 3 presents data concerning the use of radiation and LRR for various subsets of patients. Radiation reduced LRR for patients with clinical T3 or T4 tumors and clinical N2 to N3 stage disease (P Յ .002 for all comparisons). For combined clinical stage, patients with stage IIB or greater disease had lower rates of LRR if treated with radiation (10-year rates, 26% v 11%; P Ͻ .0001). With respect to pathological features, radiation reduced LRR rates for patients with residual tumors larger than 2 cm and for patients with four or more positive nodes (P Յ .001 for both comparisons).
Radiation also significantly reduced LRR rates for patients who initially presented with clinical stage III or IV advanced disease but subsequently achieved a pathological complete response to neoadjuvant chemotherapy (10-year rates, 3% v 33%; P ϭ .006; Fig 2) . For patients presenting with early stage I to stage II disease who achieved a pathological complete response, no difference in LRR rates was observed (P ϭ .22). In addition, in the subset of patients with clinical stage II disease with one to three positive lymph nodes after chemotherapy, no difference in LRR rates was observed (P ϭ .79, n ϭ 55).
On multivariate Cox regression analysis of factors associated with LRR (Table 4) , radiation use was the most significant variable, with a hazard ratio for no radiation of 4.7 (95% CI, 2.7 to 8.1; P Ͻ .0001). Other factors found to be significant for developing LRR included: 20% or more positive axillary nodes, clinical stage IIIB to stage IV disease, no tamoxifen use, estrogen receptor-negative disease, and minimal or worse clinical response to neoadjuvant chemotherapy (P Յ .033 for all comparisons). Both forward and backward stepwise analysis confirmed that these same six risk factors were significantly associated with developing LRR. On univariate analyses of the entire study population, achievement of a clinical complete response (6% v 14%, P ϭ .050) or a pathological complete response (2% v 12%, P ϭ .088) were associated with lower LRR. However, neither clinical nor pathological complete response to neoadjuvant chemotherapy was independently associated with LRR in the multivariate model.
Survival Rates According to Use of Radiation and Disease Extent
The 10-year actuarial rates of OS in the two groups were not significantly different (54% for radiation v 47% for no radiation, P ϭ .063). Because a greater percentage of patients who did not receive radiation died of intercurrent disease, we focused our analyses on CSS. The 10-year actuarial rates of CSS were nearly identical in the two groups (58% for radiation v 55% for no radiation, P ϭ .85). Table 5 presents the associations between radiation treatment and CSS for various subgroups. On univariate analysis, radiation improved CSS rates in patients with clinical stage IIIB to stage IV disease, clinical T4 tumors, or four or more positive nodes (P Յ .007 for all comparisons; Figs 3A to C). For these three subgroups, the benefit of radiation with respect to OS was also highly significant (42% v 20%, 42% v 20%, and 38% v 15%; P Յ .0002 for all comparisons). Multivariate Cox regression analysis of factors associated with CSS for all 676 patients (Table 6 ) revealed that the hazard ratio for lack of radiation treatment was 2.0 (95% CI, 1.4 to 2.9; P Ͻ .0001). Other factors found to be significant for worse CSS included: clinical stage IIIB to stage IV disease, residual pathological tumor involvement after chemotherapy, four or more positive nodes, minimal or worse clinical response to neoadjuvant chemotherapy, fewer than 10 axillary nodes sampled, no tamoxifen, and estrogen receptor-negative disease (P Յ .03 for all comparisons). On univariate analyses of the entire study population, achievement of a clinical complete response (79% v 54%, P Ͻ .001) or a pathological complete response (95% v 55%, P Ͻ .001) were associated with higher CSS. However, neither clinical nor pathological complete response to neoadjuvant chemotherapy was independently associated with CSS in the multivariate model.
A separate analysis was completed (n ϭ 713), which included the 37 patients who were treated with preoperative radiation. The results of this analysis continued to show significant differences with the irradiated cohort and its subgroups having lower rates of LRR and higher rates of CSS. Abbreviation: LRR, local-regional recurrence.
Fig 2.
Rate of local-regional recurrence (LRR) for patients who initially had clinical stage III or IV advanced disease but subsequently achieved a pathological complete response to neoadjuvant chemotherapy. RT, with radiation; No RT, without radiation. 
DISCUSSION
This report is the first large series investigating the efficacy of postmastectomy radiation for patients treated with neoadjuvant chemotherapy. The results represent a single institution's experience with all patients treated on prospective clinical trials with doxorubicin-based chemotherapy, mastectomy including a level I and II axillary dissection (median number of nodes recovered ϭ 15), and radiation techniques comparable to modern standards of care. The results of this study suggest that the addition of radiation to neoadjuvant chemotherapy and mastectomy reduces the rate of LRR and may improve CSS for selected patients with locally advanced disease at presentation or with four or more positive lymph nodes after neoadjuvant treatment. Multivariate analysis revealed that lack of radiation treatment was the greatest hazard associated with developing LRR (hazard ratio, 4.7). Radiation therapy reduced the relative risk for LRR two-fold for patients who presented with clinical stage IIB or greater disease, clinical T3 or T4 tumors, or clinical N2 to N3 disease (10-year rates, 11% v 26%, 8% v 22%, and 12% v 40%, respectively). In addition, patients who presented with clinically advanced stage III to stage IV disease but subsequently achieved a pathological complete response to neoadjuvant chemotherapy still had a high rate of LRR, which was significantly reduced with radiation (33% v 3%). Analyzing pathological factors from mastectomy, we found that radiation significantly reduced the risk of developing LRR for patients with four or more positive nodes or with tumor sizes greater than 2 cm (10-year rates, 16% v 59%, 14% v 31%, respectively).
The reduction in LRR rates in this study with radiation is similar in magnitude to data regarding the efficacy of postmastectomy radiation after mastectomy and adjuvant chemotherapy. We recently reported the LRR outcome of 1,500 patients treated with mastectomy and adjuvant chemotherapy and found that radiation reduced the 10-year LRR rate from 19% to 10% (P Ͻ .0001).
14 In addition, three randomized trials investigating postmastectomy radiation in patients treated with systemic therapy demonstrated a reduction in LRR rates from approximately 30% to 10%. [3] [4] [5] It was not surprising that the benefits of postmastectomy radiation in the current study were similar to those reported after adjuvant chemotherapy. One would not anticipate that the sequencing of chemotherapy and surgery would necessarily affect the efficacy of radiation; however, until this report, there have been no published data to support this hypothesis.
Whether radiation therapy benefits patients with stage II breast cancer with one to three positive lymph nodes remains an area of controversy. In this study, we did not find that radiation provided any benefit to these patients; however, the sample size was limited. In our previous study investigating radiation after mastectomy and adjuvant chemotherapy, radiation reduced the 10-year LRR rate for patients with stage II breast cancer and one to three positive lymph nodes from 13% to 3%, P ϭ .003.
14 Clearly, more data from clinical trials are needed to guide treatment recommendations regarding this group of patients.
In addition to reducing LRR rates, we also found that radiation may improve survival from breast cancer death in certain subsets of patients. Lack of radiation treatment was independently associated with higher breast cancer mortality (hazard ratio 2.0). For patients with clinical stage IIIB to stage IV disease, clinical T4 tumors, or four or more pathologically positive nodes, the addition of radiation after neoadjuvant chemotherapy and mastectomy resulted in an absolute CSS advantage of approximately 20% (44% v 22%, 45% v 24%, and 44% v 18%, respectively).
The potential for LRR therapy, in conjunction with systemic therapy, to reduce metastases and deaths from breast cancer has long been recognized. The meta-analysis published by the Early Breast Cancer Trialists' Collaborative Group (EBCTCG) showed that radiation treatment improved 20-year CSS rates by 13% (P ϭ .0001), despite the fact that most of the trials included in the analysis used obsolete radiation techniques and did not include systemic treatment. 15, 16 However, this CSS advantage of radiation therapy was historically counterbalanced by an increase in the number of deaths from other causes, particularly cardiovascular, which mitigated any OS benefit. Since the time of those early trials, modern radiation techniques have progressed significantly and overcome limitations associated with cardiovascular dose toxicity. Indeed, the two Danish trials have demonstrated that postmastectomy radiation, using more modern techniques, did not increase the risk of ischemic heart disease-related morbidity or mortality. 17 Correspondingly, the three most recent randomized trials investigating postmastectomy radiation have demonstrated an improvement in OS. [3] [4] [5] In general, the absolute survival benefit in these trials was about half as great as the absolute reduction in the rate of LRR. For the patients with four or more positive nodes, clinical T4 tumors, or stage IIIB to stage IV disease, our results showed a similar magnitude of benefit. The absolute reduction in LRR for these subsets of patients ranged from 30% to 40% (Table 3) , and the absolute benefit in CSS was approximately 20% ( Table 5) . As previously stated, we chose to focus our analysis on CSS in this study rather than OS because patients who did not receive radiation more often died of nonbreast cancerrelated causes.
It is important to recognize the limitations of this review. Foremost, this was a retrospective analysis where radiation was not a randomized variable. In an effort to reduce the potential for selection biases that may have affected whether patients were treated or not treated with radiation, we excluded any patients who had a recurrence within 2 months after mastectomy or completion of adjuvant chemotherapy. Because radiation was not a randomized variable, the two cohorts had significant differences in many factors that affected LRR and survival. The variables we identified that affected outcome biased the irradiated cohort to have a worse expected outcome; however, it is possible that there are other selection biases that we did not take into account. In addition, because of the limited number of patients in some subgroup analyses, we cannot conclude a lack of benefit from radiation, particularly for patients with earlier stage disease or lesser pathological extent of disease. Finally, our series had a median follow-up period of 69 months. Longer follow-up may help define other subsets of patients who can benefit from radiation therapy, particularly with respect to survival. An update of the Early Breast Cancer Trialists' Collaborative Group meta-analysis that extended follow-up from 10 to 20 years demonstrated an increasingly significant CSS benefit from radiation in the second decade after treatment (P ϭ .03 v P ϭ .0001). 15, 16 In conclusion, postmastectomy radiation plays an important role in the management of patients receiving neoadjuvant chemotherapy and mastectomy for locally advanced breast cancer. Radiation was found to benefit both local control and survival in patients presenting with clinical T3 tumors or stage III to stage IV disease, and in patients with four or more positive nodes after chemotherapy. Abbreviation: CSS, cause-specific survival.
